Eco-environmental quality assessment (EQA) is an intricate and challenging task that must take into account numerous natural, economic, political, and social factors, which are subject to multiple conflicting criteria. In this paper, a methodological reference framework is developed for EQA that combines the fuzzy Delphi method (FDM) and fuzzy analytical hierarchy process (FAHP) with a geographic information system (GIS). The proposed method significantly improves the accuracy and reliability of evaluation results through the incorporation of fuzzy set theory. A GIS not only has the ability to store and analyze large amounts of spatial data from different sources but also provides a consistent visualization environment for displaying the input data and the results of EQA. Furthermore, unlike prior EQAs, the proposed method can support the dynamic estimation of regional eco-environmental quality by updating historical spatiotemporal data at little additional cost. A case study is presented for the western Tibetan Plateau. The study results show that worse, bad, and moderate eco-environmental quality classes comprised 16.58, 20.15, and 24.84% of the total area, respectively. Good and better eco-environmental quality classes accounted for 38.43%. This result indicates that nearly 62% of the total area is eco-environmentally vulnerable. The results verified the usefulness and feasibility of the proposed method. The EQA can also help local managers make scientifically based and effective decisions about Tibetan eco-environmental protection and land use.
A New Method of Regional Eco-environmental Quality Assessment and Its Application
Xiaodan Wang,* Yingzi Cao, Xianghao Zhong, and Pan Gao T here is no widely accepted theoretical and methodological system for eco-environmental quality assessment (EQA). Many methods developed for small spatial scales have been severely criticized when used at a regional level, for which information may be available on terrestrial and aquatic ecosystems, land-use changes, and a variety of simultaneous stressors (Wang et al., 2008b) . It is also difficult to integrate information from many different sources into an overall ranking of relative eco-environmental quality (Wickham et al., 1999) . Regional EQA therefore remains a great challenge. Hence, it is crucial to develop scientific and usable methods for EQA. Several previous studies have discussed EQA, including the comprehensive evaluation (Wang et al., 2010) , gray evaluation (Park et al., 2004) , principal component analysis (Wang et al., 2008a) , and landscape evaluation (Gomez-Sal et al., 2003) methods. The Delphi method and the analytic hierarchy process (AHP) are two of the most popular methods (Thirumalaivasan et al., 2003; Zhu and Dale, 2001 ). These two methods are based on the premise that decision-making in complex problems can be handled by the selection of evaluation indicators and by arranging a complex problem into a simple hierarchical structure. Despite their wide application, the original Delphi method and the AHP have suffered from low convergence of expert opinions, high execution cost, and the possibility that opinion organizers may filter out certain expert opinions. Fuzzy theory has been introduced into the Delphi method and the AHP over the last two decades, leading to the fuzzy Delphi method (FDM) and the fuzzy analytic hierarchy process (FAHP), respectively. These methods have solved problems of vagueness and should therefore be more appropriate and effective than conventional methods in practice (Chang et al., 2000; Hsu et al., 2010; Ma et al., 2011; Naghadehi et al., 2009) .
With the rapid development of computer technology, geographic information systems (GIS) have been widely applied in the research fields of natural resources and environmental management (Krivtsov, 2004; Vairavamoorthy et al., 2007; Wang et al., 2010) . A powerful tool for handling spatial data, performing spatial analysis, and manipulating spatial outputs, GIS provides a consistent visualization environment for displaying input data and model results. These abilities are very useful in the decisionmaking process. The integration of GIS and external models uses Abbreviations: AHP, analytic hierarchy process; EQA, eco-environmental quality assessment; EQI, eco-environmental quality index; FAHP, fuzzy analytical hierarchy process; FDM, fuzzy Delphi method; GIS, geographic information system.
